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ABSTRACT 
Selected Parameters of Reproductio n 
in Rambouillet and St. Croix Ewes 
by 
Ronald Cole Evans, Master of Science 
Utah Sta te University, 1987 
Ma j or P r ofesso r : Dr. Warren C. Foote 
Department: Animal, Dairy and Veterinary Sciences 
Expe riments were conducted to determine the genetic 
reproductive potential of Ramboui llet and St. Croix ewes . 
Ovulation rate (monthly) and estrus (daily) were observed 
for two years on 10 ewes of each breed to establish 
seaso nal patterns . Both breeds demonstrated seasonal 
a nest rus from May through July . Ovulation rates rea c hed 
2 . 0 o r greate r for both breeds during September to 
November, and decreased to 1.25 by March. 
Breeding groups for St. Croix and Ramboui 11 et ewes 
were bred each February and August for five years to 
establish lambing performance at six month intervals. 
Age at first lambing was earlier for St. Croi x than 
Ramboui llet (89% vs 0.0% lambing at 12 months of age). 
Bot h breed a nd age influenced lambing rate. 
vi 
Fift y -two o f 108 (48% ) l amb ings from mature St. 
Croix ewes occurred at six month inte r vals, compared to 1 
of 85 for Ram boui 11 et ( 1.2 %}. No Ramboui 11 et under 36 
mo nt hs lambed at 6 month interval, while 8 of 61, 1 2 
month S t. Croix ewes 1 ambed at a 6 month interval 
( 13 . 1%). 
Mature St . Croix ewes that 1 ambed at six month 
int e rvals produced 3.44 lambs per year, compared to 2. 03 
for ewes that 1 ambed once a year . 
Parturition interval was 262 days for mat ure 
and 302 days for 24 month and yo unger St. Croix ewes on a 
six month lambing schedule. Parturition interval for 
mature Ramboui 11 ets was 355 days . 
Blood samples were taken twice we ek ly and serum 
progesterone measured by RIA in 17 St. Croix and four 
Ra mbouillet ewes that lambed during the normal breeding 
seaso n, to determine occurrence of postpartum ovulation. 
Average days to first postpartum ovulation wa s 35 . 8 and 
35 . 6 for St. Croix and Ramboui 11 et, respectively. 
Thirteen of seven teen (76.5%) S t. Croix ewes showed 
estrus with first ovulation, while none of the 
Rambouillet showed estrus with first or second postpartum 
ovulation . The shortened postpartum period for St . Cr oix 
compared to Rambouillet (40 . 2 vs > 70 days) was a r esult 
vi i 
of estrus accompanying t he first or second postpartum 
ovulation . 
(48 pages) 
INTROOUCTION 
Increases in reproductive performance are a primary 
prerequisite to increasing production of sheep, particu-
larly meat production. Factors con tributing to increased 
reproductive performance include ovulation and lambing 
rate, and frequency of lambing . These factors are in-
fluenced by both genetics and environment of whi c h 
climate and nutrit io n play significant roles. The limits 
of reproduction are established by genetics, but the 
degree to which the genetic potential is achieved is a 
result of proper management of the animals, the environ-
ment and of understanding environmental limitations. 
The reproductive efficiency of a floc k of ewes 
depends primarily on the numb e r of lambs born within a 
unit of time compared to the number of ewes exposed for 
breeding. Three separate reproductive traits must be 
considered. The f i rst is ovulation rate, which is in-
fluenced by age, breed, season of yea r and nutritional 
level. Th e second trait is the length of the breeding 
season. The third trait is the length of the postpartum 
interval. These la st two traits determine the time of 
year and frequency of lambing. They are two separate 
phenomena which can occur separate l y or together and 
determine the length of the parturition int erval . If 
lambing frequency is to be greater than once a year then 
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the breeding sea son must accommodate breeding, l amb in g 
and rebreeding and the postpartum interval must be short 
enough to accommodate rebreeding in the required per io d 
of time. The abi 1 ity of a ewe to exhibit a short post-
partum interval and have an extended breeding season is 
generally considered to be genetically controlled. 
The main thrust of this research is to examine the 
ovulat ion rate, length of breeding season, the postpartum 
interval and lamb production from different lambing in-
terva 1 management programs of two widely divergent breeds 
of sheep, the Ramboui 11 et and the St. Cro i x . These 
breeds also provide a model to better define the phys-
iology and endocrinology of events of the postpartum 
interval. 
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REVI EW OF LITE RATURE 
Determining the reproductive capacity is the first 
step to deve l opi n g management programs to increase rep r o-
ductive performance in sheep . Reproductive traits such 
as ovulation rates, and seasonal and postpartum anestrous 
periods have been of interest for many years but are 
inadequately documented for many breeds . Additional l y, a 
great dea 1 of conf 1 i ct i ng evidence has been reported 
concerning the mechanism regu 1 ati ng the postpartum in-
terval. 
I. Ovulatio n r ate . 
A review of 1 iterature shows that there are four 
main influences on the ovulation rates of ewes: season of 
year, breed, nutritional level, and age . 
A. Season of year . As early as 1937 , the effect of 
breeding season was studied. McKenzie and Terri 11 found 
that both Hamps h ire and grade ewes began b r eedi n g in late 
August a nd ea rl y Septem b e r (autumn) . Ov u l atio n r ate 
increased f r om 1.50 at the beginning of the breeding 
season to 1.76 during the period of September 15 to 
November 15 . Ovulation rate then decreased to 1.21 from 
January 16 to February 1 5 i n the mature Hampshire ewes. 
Radford (1959) measured the ovulation rate of forty-nine 
mature Merino ewes at 10 - 12 week intervals. These ewes, 
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which were ma intain ed on a constant diet were found to 
have the highest ovulation rate during the May-June 
period, which is 1 ate autumn in the area of Australia 
where the study was conducted . The 1 owest ovu 1 ati on ra te 
was reported during the spring season, October-December. 
Shelton and Morrow {1965) studied the estrous season 
and ovulation rates of 539 aged Rambouillet ewes in 
Texas. The ewes were bred March 21 , June 21, September 
21 and December 21, representing different seasons re-
flecting photoperiod changes during the year. Although 
the ewes bred during al 1 four seasons, it was determined 
by ex ami ni ng the ovaries of a random ha 1 f of the ewes by 
1 a p a rot o my f i v e days a f t e r breed i n g, that the o v u 1 at i on 
rate was highest in the ewes bred during Septembe r and 
December . The highest ovulation rate was in September 
( 1. 75) a nd the lowest i n ewes bred in March (1.06). The 
ovulation rates in December (1.52) and June (1.41) were 
intermediate . Hu 1 et ~ ~· {1974) reported the incidence 
of estrus and the incidence and rate of ovulation 
throughout the year in three hundred and forty 
Ramboui 11 et ewes. One-ha 1 f were of Idaho and one-half of 
Texas origin and ewes from each origin were measured at 
each 1 ocation or a total of four g roups. The ewes were 
laparotomized each month following an observed estrus. 
Laparotomies were performed at the end of the month and 
the occurrence and rate of ovu 1 at ion observed for those 
ewes not s howing estrus. At both locations the highest 
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ovulatio n rates were Septembe r through February, with the 
lowest rates occurring during March through August. 
Hulet, Price and Foote (1968) in an effort to deter-
mine the e ffects of light, month of year and nutritional 
1 eve l on the reproduction of ewes during the breeding 
season observed the ovu 1 ati on rates of 378 Ramboui 11 et, 
Targhee and Columbia ewes at three intervals. Ovulation 
rates were higher at November 3- 10 than October 1 or 
the December 10 - January 7 period for both years 
studied . 
In study by Dermody, Foote and Hulet { 19 70), 
ovulation rates were obtained on 64 mature Columbia, 
Targhee and Ramboui 1 let ewes by laparotomy, at estrous 
cycle lengths, through most of the normal breeding 
season . Their studies, initiated in late August, 
indicate that ovulation rate was high at that period, and 
remained high through December 1, varying from 1. 80 to 
2.18 . A rapid decrease in ovulation rate began in early 
December dropping to 1.14 by February 22 . Their con-
clusions were that the stage of the breeding season had a 
highly significant effect on ovulation rate . 
lrazoqui and Menvielle {1982), using 80 Corriedale 
ewes found that ovulation rate varied from 1.58 to 0.0 
throughout the year. Using a regression 
predict ovu lation rates at various times 
equation to 
through the 
year, they found that the high est ovulation rates were 
cente r ed from 15 3 _: 10 days following the 1 ongest day of 
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the year. Seaso na l anestrus was centered on day 336 from 
the longest day and lasted approximately 49 days, during 
which estrus did not occ ur. 
B. Breed. The effect of breed on ovulation rate 
has been documented in studies using various breeds. 
Bellows et al. (1963) studied the Hampshire and Columbia 
breeds and found a significantly higher ovulation rat e in 
favor of the Hampshire breed (1.76 vs. 1.5 3) . Goode and 
Tugman (1976) reported the prolificacy of three year old, 
second lambing ewes for three genotypes: Dorset 1.4, 
Dorset X Finnish Land race 1.8, and Ramboui 11 et X Finnish 
Land race 2.3 1 ambs per ewe. Matthews et al. (1977) 
compared lambing rates of straightbred Targhee and 
Suffolk Targhee ewes under range conditions, with ewes 
ranging in age from two to nine years of age in both 
groups. The prolificacy of the Targhee was 1.46, and the 
Suffolk X Targhee was 1.66, Panter (1978) wor king with 1-
3 year old ewes of the St. Croix breed and Barbado X 
Ramboui 11 et cross reported prolificacy of 1.63 and 1.37 
for the two genotypes, respectively. Chiquette ~ al. 
(1984) showed ovulation rates for Finnish Landrace ewe 
lamb s to be 2.7, with 1.9 lambs born. In the same study, 
Suffo lk ewe lambs and Suffolk X Finn ewe lambs had 
ovulation and prolificacy rates of 1.2 and 1.1 for 
Suffolk and 1.9 and 1.6 for the crossb reds. 
C. Nutrition. Th e nutri tio n a l level of breeding 
ewes has long been accepted as having an important effect 
on prolificacy . The practice of increasing nutritional 
level, or "flushing" for a short period of time before 
and during breeding has been recommended as a method o f 
increasing the lambing rate by increasing ovulation rate. 
Allen and Lamming (1961) suggest that ovulation rat e 
is a function of available nutrients in the diet and/or 
body reserves of stored energy. Their research showed 
that with diets leading to loss of weight, the ovulation 
rate of ewes dec 1 i ned. When body weight 1 ass reached 
27.7'/, of the initial weight of the ewe, ovulation con-
ti n ued, but multiple ovu l ations were inhibited. Their 
studies also showed that very little is gained by in-
creasing the nutritional level of ewes already in 
adequate body condition. However, the poorer the body 
co ndi tion of the ewe, the greater the response in ovula-
tion rate to increased nutritional levels. Lamond et al. 
(1973) found a reduction of fertility in both under and 
over nourished ewes. Their data also indicated a 1 owered 
ovulation rate in under-nourished ewes. Foote et a l. 
(1959) found that ewes receiving two pounds of grain 
mixture with hay as a diet had a higher ovulation rates 
than ewes on a diet of hay only . Ewes receiving grain as 
a flushing tec hni que for seven days had on l y a slight 
increase in ovulation rate in one of the two studies. 
This gives support to Allen and Lammings finding s , that 
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ewes that are receiving an adequate diet, and are in good 
bo dy condition , benefit very littl e from flush i ng . 
Hulet, Price and Foote (1968}, using three levels of 
nutrition, 75%, 100% a nd 150% of NRC requirements for 
maintenance, found no significant difference in ovulat i on 
rates among the feed 1 evel s. The e wes were randomly 
assigned to one of the three feed levels and an initial 
ovu 1 at ion rate obtai ned with 1 aparotomy. Ewes were fed 
on the assigned level for 17 days and ovulation rates 
again observed. This study also seems to support Allen 
and Lamming (1961} findings that e wes in adequate body 
co ndition are not affected by a change of 25% decrease in 
feed levels. 
D. Age . Goode and Tugman (1976} showed a 
significant increase in prolificacy of three-old ewes at 
second lambing vs. the same ewes measured at two years of 
a g e a t f i r s t 1 a m b i n g • M a t t h e w s ~ ~.l.. ( 1 9 7 7 ) c o m p a r e d 
prolificacy in ewes ranging from two years to nine years 
o f age, and showed that t he highest levels occurred at 
4-7 years of age. Gonzalez-Reyna (1977} report ed an in-
creased lambing rate of 1.13 vs. 1.22 for first partum 
ewes ave raging 425 days old, and second and later partum 
ewes , respectively, in the Pel iguey sheep of Mexico. 
II. Duration of the 
Bree ding Season 
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The length of breeding season for sheep varies 
throughout the world, and is defined as the length of 
time within a year that a ewe demonstrates behavioral 
estrus a c companied by o v u 1 at ion. The end ocr i no 1 o gy of 
the ewe has been described for the breeding season, 
anestrous season, and the two transition periods. Legan 
and Karc h (1979), Karch et al. (1980) and Ka r c h et al. 
(1976) h ave defined the patterns of steroids a nd ganado-
trophins and their interactions. The genera 1 1 y accepted 
explanation of the endocrinology of anestrus in sheep is 
that with increasing day length there is an increased 
sensitivity to estrogen at the arcuate nu cleus and median 
emi nance portions of the hypotha 1 amus that contra 1 s the 
tonic release of LH. As breeding season ends, estrogen 
has negative feedback ef fe ct on the hypothalamus 
resulting in a decrease in tonic LH. With the decrease 
in tonic LH release, estrogen levels fall. There appears 
to be an estrogen threshold that must be reached before 
the pre-ovulatory surge of LH can be released, but with 
1 ow estrogen there is a negative feedba ck on the 
hypothalamus that causes a decrease in GnRH from the 
pituitary causing an increased rate in the decline of 
tonic LH, resulting in r educed fol 1 icular growth and 
therefore no ovulation. 
1D 
With the day -l e n gt h s be com in g s hort e r, the se n s i t i-
v i ty of t he med i a n em in ence to est r ogen dec r eases and the 
negative feedback system of estrogen on that portion of 
the hypothalamus beco mes refra cto ry. The increa se in 
c ir c ulating toni c LH causes an increase in ovarian 
act ivi ty which causes estrogen levels to in c rease and 
stimu l ate the pre-ovulatory rel ease of GnRH from the 
preoptic and anterior portions of the hypothal a mus whi c h 
causes the pre-o vu latory surge of LH from the anterior 
pitu i t ary. During the breeding season, progesterone acts 
as an inhibitory r eg ulat o r for tonic LH secretion . 
The changing ratios of hormones also apparently 
affect the receptor sites in the hypothalamus, anterior 
pituitary and the ovary, both quantitatively and in the 
abi 1 i ty of the re ce ptors to bind h o rmone {Ferris, 198 3 ; 
Mole, 19 84) . 
It i s reco g nized that br eed s of sheep throughout the 
world n o rth or so uth of the equato rial zone have 
defined breeding or estrous season. The estrous season 
varies with the breed of sheep and the latitude, but it 
has been reported that for wool breeds, the finer wooled 
br eeds generally have a shorter anestrous peri od {S helton 
and Morrow, 1965) than courser wooled breeds. Hulet et 
al. {1974) studied the effect of location on breeding 
season in the Ramboui 1 let breed, 
one in Idaho and one in Texa s. 
using two lo cat ion s, 
The b r eeding sea so n 
extended from September through March, and the anestrous 
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season from May through Ju l y, with transition oc c urrin g 
during Ap ril and Aug u st in Id a ho. In Te xas the br ee ding 
season was extended further by one month at both th e 
beginning and end. 
Gonzalez-Reyna (1977) rep orted no definite breeding 
se aso n for the Pel iguey hair sheep in the subtropical 
a rea of Tami 1 oupes in Me x ico. Hupp and Deller (1983) 
report an ex tended breeding seaso n that a 11 ows 1 ambi ng 
throughout the year for the Virgin Island White hair 
sheep, which is the founding stock of the St. Cro i x in 
the continenta l United States . This is in agreement with 
Panter (1978) who r epo rted an extended breeding season 
for the St. Croix hair s he ep in Utah, comparable to the 
Ramboui 11 et and the Ramboui 11 et X Barbados sheep . 
II I. Postpartum 
Events in the Ewe 
The postpartum interval (PPI) or period of time 
fro m parturition to the first estrus that is a cco mpani ed 
by ovu lation has been s hown to be affected by season, 
breed, nutrition and possibly la c tation (Novoa, 19 84) . 
S ince most ewes lamb during the anestrous seaso n, no 
behavioral estrus is noted unti 1 the onset of the next 
breeding or estrous season, the events of the postpartum 
i nter va 1 become confounded with seasona 1 anestrus. The 
events of the postpartum interval can be measu r ed only 
1 2 
during the breeding season when they can be observ e d 
without the confounding affect of the anestrous season. 
Ovarian activity is low for a period of time aft e r 
parturition. Foote (1971) found that follicles of 2 mm 
or larger do not appear on the ovaries until after day 
ten postpartum. This is consistent with work done by 
Wyck !.!_ ~l · (1972) and Mall ampati (1971) who found that 
at day 20 and 21 respectively, follicles did not exceed 6 
mm, but that a significant difference in the size of 
follicles of suckled and non-suckled ewes exists. 
Follicles of non-suc k led ewes were significantly larger 
in both instances. Endocrine levels ( i. e. progesterone 
and tonic LH) are also low during early postpartum. LH 
levels increase leading to the increased ovarian activity 
cul minating in ovulation during the first three wee k s 
following parturition (Novoa, 1985; Villalta, 1986) . 
Ovulation occurs in the absence of estrus prior to 
the occurrence of ovulation accompanied by behavioral 
estrus . F i tzgerald and Cunningham (1981), have reported 
one to three periods of ovulation before the occurrence 
of ovulation accompanied by estrus . Conception can occur 
at these ovulation periods following forced breeding or 
by artificial insemination (Miller and Wiggins, 1964). 
Results of research to determine the effect of 
lactation on the resumption of ovulation and estrus is 
inconsistent. Hunter and VanAarde (1975) found that 
lactation had only an indirect effect on the r e sumption 
II 
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of ovarian activity, acting through nutritional stress . 
They found that the interaction between suckling and 
nutritional level signifi c antly affected the time of 
ov u lation, but not the time of first estrus following 
1 ambing. Restall and Starr {1977) found that nutrition 
and season of lambing modify the effect of suckling. 
Lactational anestrus was more pronounced when nutrition 
was inadequate when lambing was at the end of the 
breeding season than at the beginning of the breeding 
season . Evans and Robinson {1980) reported that 
generally ewes lambing at the middle of their breeding 
season, have a shorter PPI than ewes lambing at either 
the beginning or ending of the natural breeding season. 
It appears that suck 1 ing and the frequency of 
suckling during the first two weeks after parturition 
rather than 1 actat ion, i s corre 1 a ted with the 1 ength of 
postpartum anestrus {Fletcher, 1971). Shevah ~ ~2_. 
{1974) reported that suckling delays the resumption of 
ovarian act ivity in adequately fed Finn X Dorset ewes . 
Once ovarian activity resumes after parturition, 
estrus occurs accompanying ovulation after one to four 
ovulation periods, and it is suggested that these ovarian 
cycles serve to "prime" or stimulate the neuroendocrine 
system for the occurrence of estrus, by me ans of the rise 
in progesterone, followed by a decline {Fitzgerald and 
Cunningham, 1981; Gonzales-Reyna, 1983). The occurrence 
of short uteal phases (7-8 days) fol 1 owing these 
14 
postpartum ovulations was reported for the Pel iguey sheep 
by Gonzales-Rey na (1983) , who suggested that inadequate 
luteal funct ion may account for these shorter cycles . 
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METHODS AND MATERIALS 
I . Experiment 1 
Twenty mature ewes, ten each from the Ramboui 1 let 
and St. Croix breeds were exposed continuously to painted 
vasectomized rams and the ewes were checked daily to 
determine the occurrence of estrus. Approximately one 
week after the detection of estrus, the occurrence and 
ovu 1 ati on rate was determined by endoscopy as described 
by Seegar and Klatt {1980). Ewes were denied food for 
thirty six hours, and water for twenty -f our hours prior 
to observation. Each ewe was given 10 mg Rompun 
(Xylazine) , p la ced on a laparotomy cradle, sheared mid-
ventrally and the surgical site scrubbed prior to 
endoscopy . Ovarian activity (corpus luteum and 
follicular development) was observed and recorded. 
Ovulation rate was defined as the number of Corpus Luteum 
present on the ovar i es. Ovarian activity was observed in 
al 1 ewes not demonstrating estrus by the 20th of any 
month . Estrus was checked daily and endoscopy was 
performed on a monthly basis for two years to measure the 
occurrence of estrus and the occurrence and rate of 
ovulation throughout the year (to identify anestrous 
periods) a nd to estimate variations between years. 
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II. Exper iment 2 
Begin ning December 1975, 1 ambing records were kept 
on a flo ck of 20 St. Croix ewes imported to Utah State 
University from the U.S. Virgin Islands. Forty 12 month 
old Ramboui 11 et ewe lambs were purchased January 1978, 
and both St. Croix and Ramboui l 1 et ewes were exposed for 
breeding to fertile rams at s i x month intervals: 
February and August l. Each breeding period wa s 40 
days. This twice a year breeding schedule was maintained 
for 5 years. Breeding and lambing data were analyzed 
from both breeds for the five year period with the 
exception of one year when part of the lambing records 
were accidentally destroyed. 
Beginning in November 19 83 , St. Croix ewes were 
placed on a 12 month lambing interval and exposed to 
fertile rams for forty days beginning the first week in 
November. 
III . Experiment 3 
A group of ewes cons isting of four Rambouillet and 
17 St. Croix were treated with exogenous hormones 
co nsi sting of 40 mg FGA in intravaginal sponges for 14 
days, and 800 !U PMSG 24 hours prior to sponge removal. 
The hormone treatment was initiated during May and June, 
and the ewes were bred to fertile rams. Lambing occurred 
in October and November, during the established breeding 
season , which avoided any confou nding affect of seasonal 
1 7 
anestrus, and all la mbs wer e a llow ed to r emai n wi th t he 
ewes . Beg inning at the time of pa rturition, pa int ed 
va se ctomize d rams were p l aced with the ewes to determ in e 
the occu rrence of estrus . Twic e week ly, beginning on the 
day o f partur i tion, 10 ml blood sam ples were taken from 
each e we until the occurrence of the first postpartum 
estrus or for 70 days. B lood samples were analyzed for 
progesterone levels using RIA methods described by Gibori 
et a l. {1977) , with mod ifi cations described by Novoa 
(1985) . Progesterone l evel s we re used to determine the 
occurrence of ovulation associated with the fir st 
postpartum est ru s , and any ovulations prior to the first 
postpartum estrus. 
RE SULTS AND DISCUSSION 
I. Occurrence of Estrus and 
Occurre nce and Rate of 
Ovu lation. 
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The occurrence of est rus and ovulation by month for 
both the St. Croix and Ramboui ll et breeds are shown in 
Table for 19 82 and Table 2 for 19 83 . These data 
indicate that a definite anestrous sea son occurs in both 
breeds from May through July, and that it is very similar 
for the two breeds and years . The transition into the 
breeding season was in August, where 20% and 50% of the 
Ramboui ll et and 70% and 70% o f the St. Croix s h owed 
estrus for 1982 and 19 83, respe ctive ly. By Septembe r all 
but one Ram bouillet ewe had shown estrus in 1982, and all 
ewes of both breeds had shown estrus in 1983 . 
The incidence of estrus remained at or near 100% 
throug h February, and by March the transition into the 
anestrous season had begun . The major transi tion period 
was in April with 80 and 30% of the Rambouillets showing 
estrus and 70 and 78% for the St. Cro i x , r espectively, 
for 19 82 and 1983. Except for the St. Croix in t1ay {10% 
in 1982), estrus did not occur in either breed or either 
year during May, June or July. Within the limits of time 
measured in this experiment the pattern o f occurrence of 
est ru s and ovulation were similar throughout the two-year 
observation period . Where they did differ, the 
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Table 1. The occurrence of estrus and ovulation and 
ovulation rate in Rambouillet and St. Croix 
ewes by month (1982). 
Rambou i 11 et St . Croix 
Ovu l a - Ovula -
Estrus Ovulation t ion Est ru s Ovulation t ion 
Mo. (%) (%) rate {%) (%) rate 
Jan 100 90 1. 66 100 100 1. 80 
Feb 50 100 1. 30 90 100 2 . 00 
Mar 60 80 1. 3 7 90 100 1. 80 
Apr 80 80 1. 25 70 70 1. 85 
May 0 0 0 10 10 1. 00 
Jun 0 0 0 0 0 0 
J u l 0 0 0 0 0 0 
Aug 20 90 1. 33 20 70 1. 71 
Sep 90 90 1. 62 100 100 1. 8 7 
Oc t 90 100 1. 14 90 100 1. 8 5 
Nov 100 100 1. 66 100 100 2 . 18 
Dec 100 100 1.77 100 100 2 .1 8 
occu rr ence o f ovulation was hi g her {with one except i on) 
than that of estrus i ndi cati n g that ovulation occurs 
without est r us at t he transitio n periods into and out of 
seasonal anestrus. 
The incidence of est ru s in both the Rambouil l et a nd 
St . Croix bree ds fo r the two year period are very sim ilar 
to the results of Hulet~~· {1974) in Ramboui llet and 
Irazoqui and Menvielle {1982) using Co r rieda l e, where 
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anestrus was reported to be centered at the 1 ongest day 
of the year. 
Table 2. The occurrence of estrus and ovulation and 
ovulation ra t e in Ramboui ll e t and St. Cro i x 
ewes by month (1983). 
Rambouil let St. Croix 
Ovula- Ovula -
Estrus Ovulation tion Estrus Ovulation t ion 
Mo. ( %) ( %) rate (%) (%) rate 
Jan 100 100 1. 7 5 100 100 1. 6 7 
Feb 100 100 1. 50 100 100 1. 6 7 
t1 a r 100 100 1. 50 90 90 1. 25 
Apr 30 30 1. 33 78 78 1. 28 
May 0 0 0 0 0 0 
J un 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 
Aug 50 50 1. 60 70 70 1. 42 
Sep 100 100 2. 30 100 100 1. 33 
Oct 100 100 2.20 100 100 2 . 00 
Nov 100 100 2 . 00 100 100 2.00 
Dec 100 100 1. 6 7 100 100 2.00 
Ovulation r ate was somewhat variable between breeds 
for the two years measured . The highest ovu 1 at ion rates 
in both breeds in 1982 we r e reached i n November and 
December (1.66 and 1.77 for the Ramboui 11 et and 2.18 and 
2 . 18 for the St . Croix) . In 1983 the peak ovulation rate 
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for the Ram boui ll et (2 . 00 to 2 . 30 ) occurred in September 
through November and in the St. Croix (2.00) occurred in 
Oc tober through December . 
Table 3. The mean occurrence of estrus and ovulation and 
ovulation rate in Rambouillet and St. Croix 
ewes by month (1982 and 1983 combined). 
Rambou i 11 et St. Croix 
Ovu la- Ovula-
Estrus Ovulatio n tion Estrus Ovulation tion 
Mo. ( %) (%) rate (%) (%) rate 
Jan 100 95 1. 70 100 100 1. 74 
Feb 75 100 1. 40 95 100 1. 83 
Mar 80 90 1. 44 95 95 1. 52 
Apr 55 55 1. 29 74 74 1. 56 
May 0 0 0 5 5 1. 00 
Jun 0 0 0 0 0 0 
J u 1 0 0 0 0 0 0 
Aug 35 70 1. 4 7 45 70 1. 56 
Sep 95 95 1. 96 100 100 1. 60 
Oct 95 100 1. 6 7 100 100 1.92 
Nov 100 100 1. 83 100 100 2.09 
Dec 100 100 1. 7 2 100 100 2.09 
Tabl e 3 shows the mean occurrence of estrus and 
ovulation and ovulation rate in Ramboui ll et and St . Croix 
ewes by month for the com bined yea r s of 198 2 and 1983 . 
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Table 4 shows the ovulation rates for mature St . 
Croix and Rambou i llet during 1982-1983 (exper iment 1) 
compared to the lambing rates of St. Cr oix and 
Rambou i llet ewes obtained from 1976 through 1986 during 
the months ava i 1 able (experiment 3) . 
Table 4. Ovulat1on rate and lamb1rg rates of mature ewes 
36 months old and older. 
St. 
Lambing rate 
{1976-1986) 
Ovulation rate 
{1982-1983) 
No. of Lamb- No. of Ovula -
Mo . observa- ing observa- tion 
bred tions rate S.E .M. tions rate S.E.M. 
Cro1x 
Nov . 48 2.08 0 . 300 20 2.09 0 . 088 
Feb. 41 1. 90 0 . 500 20 1. 84 0 . 15 7 
Aug . 51 1. 96 0 . 049 20 1. 57 0 . 196 
Rambou111et 
Feb. 10 1. 10 0 . 105 20 1. 25 0 . 121 
Aug . 75 1. 68 0.055 20 1. 46 0 . 166 
lLambing rate was determined by number of 1 ive lambs born 
from breedi ng during months indicated; ovu l ation rate 
was determined by 1 aparoscopy . 
Ovulation rate and lambing rates are in c lose agree-
ment . The observed lambing rate for ewes of both breeds 
bred in August was higher than the observed ovulation 
rate and is assumed due to year differences and sampling 
errors. 
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The 1 ambi ng rate of ewes that were exposed for 
breeding at 6 , 12 and 18 months of age that were exposed 
for breeding at s i x month intervals is shown in Table 5. 
Eighty-nine and zero percent of the St . Croix and 
Rambou i 11 et ewes lambed following exposure for breeding 
at s ix months of age, respectively, wi th the St. Croix 
producing 1.50 lambs per ewe lambing, demonstrating the 
earlier sexual develop ment of the St. Croix. Breeding 
data were not avai 1 able for Ramboui 11 et ewes bred a t six 
months of age, and was 0% for those bred at 12 months and 
75% for those bred at 18 months. None of the 
Ramboui 1 1 et ewes under 36 months bred at six month 
intervals but thirt een percent of the St. Croix ewes bred 
at six and twelve months of age to complete a six month 
interval. The mean age at co nception for the St . Croix 
was 1 80 to 210 days whi c h differs from data reported by 
Panter {1978) who reported the mean age at puberty in St. 
Croix ewe lambs to be 230 days, with a range of 193-26 3 
days. With the 40 day breeding season, only 75% of the 
Ramboui 11 et ewes conceived at 12 months of age. Th e 
lambing rate of 12-13 month o ld St. Croix ewe lamb s 
{1.50) is simi 1 ar to the mature Ramboui 11 et ewes {1.49) 
and higher than the 18 and 24 month old Ramboui llet ewes 
( 1. 33) . 
Tabl e 5. 
Breed 
St. Cr oix 
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The percent ewes lambing and lambing rate for 
St. Croix and Ramboui 11 et ewes bred at 6, 12 
and 18 months of age and maintained on a six 
month lambing interval 
6 
1 2 
18 
Age at 
breed-
ing 
(mo . ) 
months 
months 
months 
No. of 
ewes in 
experi-
ment3 
68 
48 
52 
Percent Lamb-
e wes ing 
lambi ng2 rate S. E. M. 
89a l. 50 0 .065 
48b l. 52 0. 108 
goa l. 80 0 .067 
Ramboui llet 1 
12 months 40 od 0 0 
18 months 40 75C 1. 33 0 . 089 
1Ramboui 11 et ewes were placed in the experiment at 12 
months of age . 
2P < 0. 05 for means not ha vi ng the same supe rs c ri pt 
letters {P < 0.01 fo r a, b, c, vs. d) 
3Th e same 
category . 
ewes were represent ed in more than one age 
Table 6 shows the i ncrease in la mbing rate that 
occurs from first l amb in g of both St. Croix and 
Ramboui 1 let breeds through lambing as mature ewes {36 
months old or older). 
This increase in lambing rate was consistent with 
research reported by Goode and Tugman {1976) usin g 
Dorset, Dorset x Finn, and Rambou i 1 1 et x Finn ewes, 
Matthews et al. {1977) using Targhee and Suffo l k x 
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Targhee ewes and Gonzalez-Reyna {1977) using Pel iguey 
ewes that report ewes do not reach maximum production 
unt i 1 at 1 east 36 months of age . 
Table 6. Effect of age on lambing rate. 
Age of 
Ewe at No . of No. of Lambing 
Lambing Ewes Lambs Rate S. E. M. 
St . Croix 
12 months 61 92 1. 50 0 . 065 
18 months 23 35 1. 52 0 . 108 
24 months 47 85 1. 80 0 . 442 
30 months 11 20 1. 82 0.190 
36 months 152 294 1. 93 0 . 037 
Rambouillet 
12 monthsl 
18 months 0 0 0 0 
24 months 30 40 1. 33 0.089 
30 months 3 6 2.00 0.000 
36 mo nths 85 127 1. 49 0.062 
1Ewes were placed in study at one year of age. 
II. Lambing Intervals 
The propo rt io n of ewes 1 ambi ng at six month inter-
vals is shown in Table 7. 
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Table 7. Percent of ewes lambing at 6 month intervals. 
No . ewes 
No. of lambing Percent 
Age at observa - at 6 mo . of ewes 
Breed lambing tions interval lambing! 
St. Croix 12 mo. 61 8 13. 1 
MatureZ 10 8 52 48. 1 
Average 35 . 5 
Ra mbou i 11 et 1 2 mo . 3 40 0 0 
Mature 85 1.2 
1Percent of ewes lambing at two consecutive six month 
intervals of the total six month intervals. 
236 mo n t hs of age a nd o lder. 
3 rnc luded ewes placed in study at 12 months of age , and 
replacement ewes placed in the study at 6 months of age. 
These data indi cate that St. Cro ix ewes have the 
ability to conce i ve 40 days pos tp a rtum and lamb at six 
month intervals. Forty-eight percent of the 10 8 mature 
St . Croix e wes lambed again at the subsequent six month 
interva l compared to only 1. 2% of the 85 Ramboui ll et 
lambing observations. The percent of St. Croix ewe lamb s 
that lambed at a six month inte rv al (six and twe l ve 
months of age) was 13 .1. None of the Ramboui l let ewes 
lambed at six month i n tervals between 12 and 24 months of 
age. 
The lambing rate per parturition for St . Croix ewes 
that lambed at six-month intervals ( 1. 75 for 1978-1984) 
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is sim il a r to ewes that lamb at 12 month intervals { 1. 8 4 
for 1984-1986; Tabl e 8) . This r esulted in a lambi ng rat e 
expresse d on a year l y basis of 3 . 50 for ewes lambing at 
s i x month i nterval compared to 1.84 for ewes lambing at 
12 month interval . 
Table 8. lambing rates of St. Croix ewes on six-month 
and 12-month lambing schedules. 
Larnb i ng P.trtur-
tlo . lambing rate ewe ftion 
Years I .unbings rate SEM /y ea n inte r v a l S£M 
A, 51 x mont h in terva I 
1 amb i ng schedule 
Lamb ing at six month 
i nte r va 1 
Mature 1978-8<1 52 I. 7 5 . 072 3. so 191.0 1. 667 Immature 19 78-8< 32 l. 60 . 089 3. 20 188.6 1. 60 
Ldm b 1 ng at twelve 
month intervo~l 
Matu re 1978 - 84 56 2.03 . 072 2 . OJ )49.7 1. 4)8 Immature 1978 - 84 28 I. 61 . 09 4 1. 61 355.0 1 . 376 
8 . Twelve month intervd 1 
l a r.~bing schedu 1 e 
St. Croix 
Mature 1984-86 102 1.84 .048 1.84 358.2 • 766 lmm.ttu re 1984-86 38 l. 60 .080 1. 60 361. 4 I . 778 
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III. Postpartum Events 
Table 9 shows the results of progesterone analysis 
of blood taken from day of parturition until ewes showed 
first postpartum estrus, or to 70 days. Table 9 also 
summa rizes the number of e wes ovulating, average days to 
first and subsequent ovulation periods, and the average 
days to first estrus . 
The average days to first ovulation was 35 . 8, with a 
range of 12 to 58 days for the 17 St. C roix ewes , 
c ompared to an average of 35 . 6 days with a range of 33 to 
40 days for the three Ramboui l let ewes that ovulated. 
The average days to second ovulatio n for the four St . 
Croix ewes that did not show estrus at the first ovula-
tion was 39 .6 ; the average days to first ovulation 
(without estrus) for these four ewes was only 19.5. It 
is interesting to note that in ewes showing early ovula-
tion, the ovulations were not accompanied with estrus. 
It is also important to note that the first postpartum 
ovulation was accompanied by estrus in 76% of the St . 
Croix ewes . Three of four Ramboui ll et ewes demonstrated 
two ovulation periods unaccompanied by estrus before the 
study ended at 70 days without any demonstrating estrus 
and one ewe failed to ovulate or show estrus. 
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Table 9. Events of the postpartum interval in St. Croix 
and Rambouillet ewes.l,2 
Number of ewes 
Number of ewes 
ovulating 
Average days to 
first ovulation 
Range 
S. E. M. 
Average days to 
second ovulat ion 
Range 
S . E. M. 
Ewes showing postpartum 
estrus 
Average days to 
first estrus 
Percent s howing estrus 
at first ovulation 
St . Croix 
17 
1 7 
35 . 8 
12-58 
3 . 13 
42. 3 
30 - 58 
5.49 
1 7 
40.2 
76 
Rambou i l I et 
4 
35 . 6 
33-40 
4.26 
48.0 
41-61 
6 . 51 
0 
>70 
0 
10bservati ons were made to 70 days postpartum. 
2J nf o rmation on time o f ovu lation determined from 
serum progesterone analysis. 
Table 10 provides a comparison of days to conception 
forSt Croi x ewes conce i ving at the first or second 
estrus postpartum. Th e actual days postpartum to co ncep-
tion is very simi l a r {36 . 1 vs. 38 .4) but the ewes that 
conceived on the second estrus had s ho wn an earlier 
estrus at an average of 24.0 days. In this particular 
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study the length of the estrous cycle was 14 .4 days, 
which is slightly shortened , and is consistent with 
reports that man y of the first cycles after parturition 
are shorter than the normal 16-17 days (Go nzales, 1983) . 
Another comparison of the abi 1 ity of St. Croix ewes 
to rebreed after parturition is shown in Table 11. Gr oup 
A conceived at an estimated 38 days postpartum which is 
very simi 1 ar to the days to conception shown in Table 10. 
Tab 1 e 10. Average days to first and second postpartum 
estrus in St. Croix ewes. 
Average 
No. of days to 
observa- first 
tions estrus 
36. 1 
23 . 9 
Total 
47 31. 2 
Average 
days to 
second 
Range S . E. M. estrus 
26-57 2 . 23 
18-31 1. 99 38.36 
18-57 2. 04 38 . 36 
Range S. E. M. 
33-43 1. 61 
33-43 1. 61 
1 Ewes that conceived to breeding at firs t postpartum 
estrus . 
2 Ewes that co n ce i ved to breeding at second postpartum 
estrus after fai 1 ing to become pregnant following 
breeding at fi r st postpartum estrus . 
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Table 11. St. Croix postpartum estrus and rebreeding 
results fro~ lambing records. 
Group 2 No. 
Days from parturition 
to conception 1 Range S. E. M. 
A 19 3 7. 9 18 - 64 2.67 
B 26 50 . 7 13 - 70 2 . 38 
Total 45 46.6 13 - 70 2 . 50 
!Calculated as the number of days between two 
consecutive parturitions 150days (length of 
gestation) . 
2Two separate breeding groups. 
Group B averaged an estimate o f almost 48 days from 
parturition to conception. These data were calculated by 
subtracting 150 days (estimated gestation period) from 
the partu rition interval, and do not show whether the ewe 
conceive d on the first or second estrus after 
parturition . 
The effect of the numb er of lambs nursing on the 
days postpartum to co nception is shown in Table 12. With 
group A, days to conception was calculated by subtracting 
150 days from the total number of days between part uri-
tions since no estrus data were recorded. With group A 
there appears to be 1 ittle effect of the number of lambs 
suckling when ewes with one lamb are compa red to ewes 
nursing multiple lambs. Group B had painted, fertile 
rams placed with the ewes at the time of parturition, and 
days to first estrus was obtained. Ewes with one lamb 
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showed first estrus 10 days earlier than the ewes with 
multiple lambs {22 . 3 vs . 32 . 0) . However, there were only 
3 e wes without multiple lambs. Ewes with single lambs 
Table 12. Days to conception and parturition interval in 
mature St. Croix ewes with one vs multiple 
lambs. 
Ewes with 
one lamb 
Group A1 (Includes February and 
August breeding) 
No. 
Parturition interval 
(mean) 
Parturition int erva l 
(range) 
Ra ng e in days 
Days to conception 
Group 82 {Bred August -
14 
197 . 07 
160-217 
13-70 
47 . 07 
lambed January) 
No. 
Days to first estrus 
Days to concept ion 
3 
22 . 3 
32.0 
Total: Group A plus Group 8 
No. 
Days to conception 
1 7 
44.4 
Ewes with 
multiple lambs 
{2 or greate r ) 
12 
198 . 50 
182-211 
35 - 64 
48. 5 
11 
32 . 0 
37 .6 
23 
43.3 
1Days to conception calculated as parturition interval 
150 days {length of gestation) . 
2Painted rams used to detect breeding dates. 
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Table 13. Parturition intervals of St. Croix and 
Rambouil let ewes on a 6 month lambing 
schedule. 
Number Mean 
of Parturit i on 
Observatio n s Interval S . E. M. 
Mature 
St . Croix 72 262a 9.0 
12- 2 4 month 
St. Croix 20 302b 17 . 0 
Mature 
Rambou ill et 40 355C 4 . 5 
1 P < 0.05 for means not bearing the same supersc rip t 
letters (P < 0 . 01 for mature St. Croix vs . mature 
Rambou ill et) . 
conceived earlier than e we s wit h mu l tip l e lambs (32 .0-
3 7. 6) but was not significant (P > 0 . 05) . The average 
d a ys to conception for groups A and B combined was 44 .4 
for ew e s with sing l e a nd 43 . 3 for ewes with mu lti ple 
lambs. 
Table 13 shows the parturition interval for St. 
Croi x ewes divided by age groups: 12-24 months and those 
ewes o ld e r than 24 months, a nd mature Rambouillet ewes 
(those older than 24 months) . The a bi 1 ity of the matur e 
S t. Croix e wes to reb reed at six mo nth in te r vals i s 
reflected in t h e shorter partu r ition interval (26 2 .0) 
whi c h is sig nifi ca ntl y s hor te r t han the y oun ge r St. Croix 
ewes which had a parturition interva l of 302 day s (P 
0.05 ) . Both groups of S t. Croi x had s i gnificantly (P 
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0.01) shorter parturition interval than the mature 
Ramboui l let ewes (355 days) . 
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SUMMARY 
Incidence of estrus and ovulation, ovulation rate, 
and postpartum events were measured for St. Croix and 
Ramboui 11 et ewes. The two breeds were simi 1 ar and showed 
a definite anestrous season from May through July, with 
the transition to and from breeding season being August 
and April. Ovulation rates were highest for both breeds 
Septembe r through December with the St. Croix reaching 
2.1 8 and Ramboui 11 et reaching 2 . 30. 
Blood serum was analyzed for progesterone to deter-
mine the time of postpartum ovulation for both breeds. 
The average days to first postpartum ovulation was 35.8.:!:. 
3 . 13 for the St. Croi x and 42 . 3 + 5.49 day s to the second 
postpartum ovulation. All St. Croix ewes showed estrus 
with a second postpartum ovulation. The Rambouillet was 
ve ry simi 1 ar with 35.6 ~ 4.26 days to first postpartum 
ovulation and 48.0 + 6.51 days to second postpartu m 
ovulation . None of the Rambouillet ewes, however, demon-
strated est rus at their second postpartum ovu 1 at ion. 
Estrus data cal l ected from the St. Croix p 1 aced with 
fertile rams s how ed average days to first postpartum 
estrus to be 36 .1 + 2 . 23 for ewes that conceived to the 
fir st estrus and 23.9 ~ 1.99 fo r ewes conceiving to 
second e strus. The second postpartum estrus occurred at 
38 . 36 + 1.61 da ys. Seventy -si x percent of St . Croi x ewes 
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demonstrated estrus twith the first postpartum ovulation, 
with 61% of the ew e s c onceiving to the first postpartum 
estrus . None of th 2 Ramboui I let ewes demonstrated estrus 
du ring the 70 day post partum observat ion period. 
The St. Croix ewes have shortened postpartum 
anestrus compared to other breeds of sheep reported. 
Forty-eight percent of the mature St. Croix ewes lambed 
at a six month interval, compared to 1 3 .1% for St. Croix 
ewe 1 ambs and 1.2% and 0.0% for mat ure Ramboui 1 1 et and 
yearli ng Rambouillet, respectively. The actual parturi-
tion interval was 262 .:_ 9.0, 302 .:_ 16.9 and 355 .:_ 4 . 4 for 
mature St. Croix, St. Croix 24 months and under, and 
mature Rambou i 11 et ewes respectively. 
The abi 1 ity of the mature St. Croix ewes to reb reed 
and conce ive at six month intervals was not affected by 
the number of lambs nursing . Ewes nursing single lambs 
c onceiving in 44.4 days and ewes nursing multiple lambs 
conceiving in 43 . 3 days. 
Prolificacy of both St . Croix and Rambouillet ewes 
increased with age. The St . Croix increased from a mean 
of 1.50 at 12 months to a mean of 1.93 for mature ewes. 
The Ramboui 11 et increased from a mean 1.33 1 ambs at 24 
months to a mean of 1.49 for mature ewes. 
The St. Croix produced their first lamb at a younger 
age than Rambouillet; 61% of the St. Croix lambed at 12 
months of age compared to 0. 0 for the Ramboui 11 et ewes to 
3 7 
24 months of age, when the breeding season was 1 imited to 
two 40- ctay periods beginning August 1 and February 1. 
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